INTRODUCTION
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that is also grown in spray fields (McLaughlin et al., 2004) because of its ability to take up N and P (Powell and Hons, 1992) , and it has 5.6% CP, 30.9% ADF, and 46.5% NDF (Dien et al., 2009) . Sorghum is cultivated for forage, syrup production, or grain production (Smith and Frederiksen, 2000) . These grass forages are highly composed of nonstarch polysaccharides (NSP), which cannot be hydrolyzed by endogenous enzymes from pigs (Hartman et al., 1961; Lindemann et al., 1986; Huguet et al., 2006) ; therefore, forages are not often utilized as feedstuffs because their DE is lower than that of regular ingredients such as corn and soybean meal (NRC, 2012; Kambashi et al., 2014) . Energy utilization of NSP happens as a result of microbial fermentation in the large intestine that produces VFA providing between 7.1% and 17.6% of total available energy to pigs (Anguita et al., 2006) ; thus, dietary utilization of forages grown in spray fields could help nutrient recycling and improve efficiency of land usage.
Dietary supplementation of feed enzymes has been studied in ruminants (Yang et al., 2000; Giraldo et al., 2008) and nonruminant animals (Yin et al., 2001; Kim et al., 2003 Kim et al., , 2006 Olukosi et al., 2007; Carneiro et al., 2008; Yáñez et al., 2011) . A proposed mode of action of feed enzymes involves degradation of the cell wall, enabling endogenous enzymes to digest the nutrients inside the cell wall (Tervila-Wilo et al., 1996; Masey O'Neil et al., 2014) . Feed enzymes can improve intestinal fiber fermentation in pigs (Yin et al., 2000) and improve total tract digestibility of NDF and ADF (Carneiro et al., 2008) . Forages are high in NSP (Worker and Marble, 1968; Billa et al., 1997; NRC, 2001) , thus providing substrates for feed enzymes.
The current study accessed the digestibility of aforementioned spray field forages and tested the hypothesis that dietary supplementation of feed enzymes can further improve the energy digestibility of these spray field forages. The objective of this study was to measure DM digestibility, DE, and ME from Bermuda grass, forage sorghum, and sweet sorghum supplemented with feed enzymes fed to pigs.
MATERIALS AND METHODS
The experimental protocol was approved by the North Carolina State University Animal Care and Use Committee (Raleigh, NC).
Preparation of Forages
Bermuda grass (28 d old), forage sorghum (35 d old), and sweet sorghum (35 d old; Table 1 ) were obtained from a local farm (Kenansville, NC), chopped with a forage chopper (5400 Chopper, John Deere, Moline, IL), and field dried to keep moisture less than 8%. The material was passed twice through a hammer mill, initially through a 3/8 inch (9.53 mm) screen and then through 3/64 inch (1.19 mm) screen.
Experimental Diets and Pigs
The experiment was conducted at the Swine Educational Unit at the North Carolina State University (Raleigh, NC). Pigs were used to evaluate the DM digestibility, DE, ME, N digestibility, and N retention of 3 forages without or with supplemental feed enzymes.
A basal diet was formulated with 96% corn and 4% amino acids, minerals, and vitamins (Table 2) . Three test diets contained 85% basal diet + 15% Bermuda grass, forage sorghum, or sweet sorghum (Table 3) . A commercial feed enzyme mixture (Allzyme SSF, Alltech, Nicholasville, KY) was supplemented in each diet at 0 or 200 mg/kg. Allzyme SSF contained enzymes, including xylanase (326 xylanase units, XU/g), cellulase (164 carboxymethyl cellulase units, CMCU/g), glucanase (591 beta-glucanase units, BGU/g), phytase (1,847 Standard phytase units, SPU/g), and protease (10,925 Hemoglobin unit tyrosine base, HUT/g; Santos, 2011) . The basal diet and test diets were evaluated using 4 sets of 2 × 2 Latin square designs consisting of 2 pigs and 2 periods. Each period consisted of 10 d of adjustment and 4 d of collection. The 2 treatments were levels of enzyme supplementation (0 or 200 mg/kg). Therefore, each treatment had 8 replicates from 4 Latin squares and 2 replicates per Latin square. Sets of 8 barrows were utilized to evaluate the basal diet and test diets with Bermuda grass, forage sorghum, and sweet sorghum with BW of 39.4 ± 8.3, 38.9 ± 8.4, 38.2 ± 9.4, and 37.2 ± 6.8 kg, respectively. Therefore, a total of 32 barrows was utilized in the study.
Barrows were placed in metabolic cages (0.6 × 1.8 m) equipped with a stainless-steel feeder attached to the front of the pen, a nipple water drinker next to the feeder, and slatted flooring. Room temperature during the experimental period was 24.0°C ± 4.5°C.
Experimental Procedures and Chemical Analyses
Pigs received a fixed amount of experimental diets based on BW of pigs (0.09 × BW 0.75 kg) twice daily (0700 and 1700 h). Pigs were weighed at the end of each period to adjust feed allowance for the subsequent period. On d 10, chromic oxide (0.5%) was added to the meal at 1700 h as an external marker to indicate initiation of feces collection. Sampling was done during 4 consecutive days. Fecal collection was initiated when green color from chromic oxide was observed in the feces after feeding a meal with chromic oxide, whereas urine sampling was initiated from the time of feeding a meal with chromic oxide. On d 14, chromic oxide (0.5%) was added to the meal at 1700 h to indicate termination of feces collection, and feces sampling stopped when green color was observed in the feces on the following day. Urine collection was terminated at the time of evening meal on d 14. Urine samples were collected in a plastic bucket with 20 mL of HCl (5 N). The volume of urine was measured each day during the collection period, and 150 mL of the urine sample were subsampled daily. Fecal samples were weighed at the end of each day during the collection period. Urine and fecal samples were frozen (−20°C) immediately after collection.
The particle size of ingredients was measured according to the American Society of Agricultural Engineers (1993) . Fecal samples were oven-dried in a forced-air oven at 65°C. Fecal and feed samples were analyzed for moisture content (method 934.01; AOAC, 2006) . Nitrogen was obtained with the combustion method (FP528, Leco, St Joseph, MI) to calculate CP (method 992.15; AOAC, 2006). The GE was obtained using a bomb calorimeter (C2000, IKA, Wilmington, NC). Daily collection of urine samples from each pig was pooled proportionally depending on the volume of urine collected on each day. Urine samples were freezedried (24D x 48, Virtis, Gardiner, NY) and were analyzed for N and GE as previously described.
The results of DM, GE, and N from laboratory analyses were used for DM digestibility, DE, ME, apparent total tract digestibility (ATTD) of N, and N retention calculations of tested diets and ingredients (Adeola, 2001) . Calculations of GE, DE, and ME are expressed as kilocalories per kilogram, whereas DM digestibility, ATTD of N, and N retention are expressed as percentages.
Statistical Analysis
Data for each spray field forage tested were analyzed using PROC MIXED of SAS (SAS Inst. Inc., Cary, NC). The experiment was based on a Latin square design, and the experimental unit was the individual pig. Period and Latin square were included as fixed effects, and pig was included as a random effect. Statistical differences were considered significant at P < 0.05. A probability less than 0.10 and equal to or greater than 0.05 was considered a tendency.
RESULTS
The geometric mean diameters of the particle size were 314, 453, 549, and 355 µm, with a standard deviation of 3.1, 3.0, 3.0, and 2.4 µm, for corn, Bermuda grass, forage sorghum, and sweet sorghum, respectively. During the entire experimental period, all 32 pigs consumed all feed provided without feed refusal. There was no diarrhea observed in this study. There was no incidence of sickness that required any treatment or veterinary examination.
There was no effect of supplemental feed enzymes on DM digestibility, DE, ME, ATTD of N, and N retention of the basal diet. There was no effect of feed enzymes on DM digestibility, DE, ME, ATTD of N, and N retention of test diets with Bermuda grass, forage sorghum, and sweet sorghum, except that the test diet with sweet sorghum had reduced N retention (64.26%) by 3.53% when feed enzymes were added (P < 0.05; Table 4 ).
There was no effect of feed enzymes on DM digestibility for all spray field forages ( Table 5 ). The feed enzyme supplementation increased (P < 0.05) ATTD of N of Bermuda grass from −16.50% to 0.08% and tended (P = 0.098, 0.081, and 0.076, respectively) to improve DE, ME, and N retention by 35.6%, 40.2%, and 71.9%, respectively. Feed enzyme supplementation had no effect on DE, ME, ATTD of N, and N retention of forage sorghum. Feed enzyme supplementation had no effect on DE, ME, and ATTD of N in sweet sorghum, except that the N retention decreased from −49.22% to −89.42% when feed enzymes were added in sweet sorghum (P < 0.05).
DISCUSSION
Excess excretion of N and P through pig manure causes environmental concerns (Carpenter et al., 1998) . A pig with 100 kg BW can produce 6.8 L of manure per day, which includes 53 g of N and 9 g of P (USDA, 2008). Bermuda grass is often grown in spray fields of pig farms because it can take up greater amounts of N and P than other conventional crops such as corn and soybeans (Power et al., 1986; Ferguson et al., 1991; Mukuralinda et al., 2010; Nyiraneza et al., 2009) . A long-term (11 yr) application of swine manure at 335 kg N·ha −1 ·yr −1 to spray fields with Bermuda grass did not pose a hazard for N pollution of groundwater and did not increase N accumulation in the soil ). This forage consumes more N than other crops, such as corn and soybeans, when high loading rates of N are applied to the fields (Woodard et al., 2002) . Bermuda grass also increases P uptake from swine manure when the loading rate increases . Increasing the loading rate from 300 to 600 kg N·ha −1 ·yr −1 increased DM production of Bermuda grass by 35% . Sorghum can also be grown in swine manure spray fields (McLaughlin et al., 2004) because it is efficient in N uptake and increasing levels of N fertilization yield greater DM production of sorghum per hectare (Powell and Hons, 1992; Holou and Stevens, 2012) . Therefore, Bermuda grass, forage sorghum, and sweet sorghum are promising crops to grow in spray fields of pig farms to agronomically handle N and P from the manure, minimizing environmental emissions. Finding an effective way to utilize DM of these forages in pig production could allow nutrient recycling for sustainable pig production. Previous experiments indicated that there was a 10% to 15% immediate reduction in nutrient digestibility when forage, which was recovered after 10 d of feeding, was included (Van Kempen et al., 2002) . The present study had a 10-d adaptation before the collection of samples to provide sufficient time for pigs to adjust to high-forage diets. Previous studies included up to 15% of Bermuda grass in the diet (Coffey et al., 1982; Van Kempen et al., 2002) . Inclusion of Bermuda grass at 2% of the diet did not contribute any DE, whereas when the inclusion level was increased to a minimum of 10%, DE was measurable (Van Kempen et al., 2002) . However, feed refusal was observed when Bermuda grass was added at a level higher than 15% (Van Kempen et al., 2002) . This study, therefore, maintained the supplementation of forages to 15% to ensure pigs received enough forage to determine nutrient digestibility.
The higher GE in sweet sorghum than in forage sorghum and Bermuda grass can be explained by differences in ash content. The ash content was lower in sweet sorghum than in Bermuda grass and forage sorghum. These variables could be related to N fertilization (Mayland and Sneva, 1983) , long-term manure application to spray fields (Benke et al., 2013) , and content of soil included in forage during the harvesting process (Undersander, 2014) .
Utilization of different forages as feedstuffs for pigs was previously reported (Van Kempen et al., 2002; Quijada et al., 2012; Kambashi et al., 2014) . The DE of different forages ranges from 1,386 to 3,011 kcal/kg for European wild boars (Quijada et al., 2012) . Several species of tropical forages were also evaluated in vitro, indicating that 25% to 53% of DM or energy was digestible, and the digestibility of CP ranged from 29% to 81% (Kambashi et al., 2014) , indicating Vigna unguiculata had interesting nutritive traits because of its superior digestibility. The DM digestibility of grasses (25% to 30%) is lower than that of legumes (33% to 47%) because of their high content of NDF (Kambashi et al., 2014) . The DM digestibilities of Bermuda grass, forage sorghum, and sweet sorghum in this study were close to the in vitro DM digestibility of forages measured by Kambashi et al. (2014) . However, ATTD of N of Bermuda grass, forage sorghum, and sweet sorghum were lower than in vitro ATTD of N of forages measured by Kambashi et al. (2014) .
As in Van Kempen et al. (2002) , the forages tested in this study had a negative N digestibility, indicating that either the pigs had increased endogenous N losses when fed the forages or the forages negatively affected the N digestibility of the basal diet. Insoluble fiber (wheat straw) decreases the N digestibility of a diet (Renteria-Flores et al., 2008) , implying that insoluble fiber could have affected the N absorption from the basal diet in the present study. A high-fiber diet increases mucin production from goblet cells in the small intestine of pigs (Morel et al., 2005; Hino et al., 2012) and also increases enzyme activity (enzyme units/mg of protein from intestinal mucosa) of maltase, dipeptidyl peptidase, and aminopeptidase (Hedemann et al., 2006) . The fiber content in the diet can increase digesta passage rate in the intestine (Potkins et al., 1991; Freire et al., 2000; Wilfart et al., 2007) and can decrease N digestibility (Freire et al., 2000) . Since dietary fiber is related to N losses (Morel et al., 2005) , it could also explain the low N digestibility and N retention of the forages in this study. Pigs can increase their ability to utilize energy in forages once they are adapted to high-forage content in their feed. Van Kempen et al. (2002) demonstrated that feeding Bermuda grass to pigs (110 kg BW) for 10 d increased the digestibility of energy and N from −15% to 33% and −88% to 0%, respectively. This response indicates the importance of an adaptation period for pigs to digest nutrients in forages. This study allowed a 10-d adaptation period before the collection of fecal and urine samples to provide sufficient time for pigs to adapt to high-forage feed.
It was reported that Bermuda grass contains between 178 and 226 g/kg of xylans (Lee et al., 2009; Canizo et al., 2014) , 304 g/kg of cellulose, 312 g/kg of glucans (Canizo et al., 2014) , and 104 g/kg of CP (NRC, 2001) . It has been shown that the xylan and cellulose contents in sorghum cultivars were between 142 and 177 g/kg (Dien et al., 2009; Stefaniak et al., 2012) and between 197 and 277 g/kg (Dien et al., 2009; Zhao et al., 2009 ) on a DM basis, respectively. Total glucans (starch, cellulose, and soluble sugars) in 6 forage sorghums varieties were between 441 and 555 g/kg (Dien et al., 2009) , and the CP content was between 33 and 78 g/kg (Dien et al., 2009; Stefaniak et al., 2012) . Therefore, dietary supplementation of feed enzymes targeting xylans, cellulose, and glucans might be effective for increasing nutrient digestibility of Bermuda grass, forage sorghum, and sweet sorghum fed to pigs. In this study, feed enzymes supplemented in the diets increased ATTD of N and tended to increase DE, ME, and N retention of Bermuda grass. However, feed enzymes did not improve nutrient digestibility of forage sorghum and sweet sorghum.
Nutrient digestibility can be improved by dietary supplementation of NSP-degrading enzymes (Yin et al., 2001; Kim et al., 2003; Ji and Kim, 2004; Kim et al., 2006; Cozannet et al., 2012) . These enzymes may improve nutrient digestibility by degrading the NSP in the cell wall (Tervila-Wilo et al., 1996; Masey-O'Neill et al., 2014) . The feed enzymes used in this study tended to improve nutrient digestibility of Bermuda grass but not forage sorghum and sweet sorghum. Sorghum hybrids contain tannin in the seeds, chaff, leaves, and stalks, which is negatively correlated with nutrient digestibility (Cummins 1971) . Tannins can bind to amino acids during the digestion and decrease N digestibility in pigs (Mitaru et al., 1984) . Tannins are also shown to decrease the activity of digestive enzymes such as amylase, trypsin, and lipase (Al-Mamary et al., 2001) . Therefore, the response of feed enzymes may not be clear when supplemented in feed containing forage sorghum and sweet sorghum because of tannins. Dried forage sorghum includes tannins (0.17 mg/g; Gwanzura et al., 2012) , whereas the tannin content in dried Bermuda grass was not detectable (Terrill et al., 2010) . The physiological maturity of forages influences the lignin content. Cross-linkage of lignin and wall polysaccharides by ferulic acid bridges affects forage degradation by fibrolytic enzymes (Sewalt et al., 1997; Hatfield et al., 1999) . The lignin content in Bermuda grass (16.99%) was relatively low compared with that in forage sorghum (20.93%) and sweet sorghum (23.87%), which could partly influence the effects of feed enzymes used in this study.
Collectively, this study demonstrated that pigs can utilize nutrients in Bermuda grass, forage sorghum, and sweet sorghum to obtain energy. However, N in these forages was poorly utilized by pigs. Dietary supplementation of feed enzymes containing xylanase, cellulase, glucanase, phytase, and protease tended to enhance energy and N utilization in Bermuda grass but not in sorghum.
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